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57] ABSTRACT

The molding composition contains, in a flowable binder,
from 20 to 50% by vol., based on the total volume of the
molding composition, of a powder comprising one or more
metal oxides and, if desired, metal carbides and/or metal
nitrides which cannot be reduced using hydrogen, where at
least 65% by vol. of the powder has a maximum particle size
of 0.5 um and the remainder of the powder has a maximum
particle size of 1 um, and at least 90% by vol. of the powder
comprises metal oxides which can be reduced using hydro-
oen. The metal oxides which can be reduced using hydrogen
are Fe,O;, FeO, Fe,0,, N1O, CoO, Co,0,, Cu0O, Cu,0,
Ag.0, B1,0,, WO,, MoO,, SnO, Sn0O,, CdO, PbO, Pb,0,,
PbO, or Cr,O;, or mixtures thereof.

9 Claims, No Drawings
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INJECTION-MOLDING COMPOSITIONS
CONTAINING METAL OXIDES FOR THE
PRODUCTION OF METAL MOLDINGS

The present mnvention relates to molding compositions,
in particular 1mjection-molding compositions, containing
metal oxides which are suitable for the production of metal
moldings, and to a process for the production of metal
moldings.

In the production of small, complex metal moldings by
powder 1njection molding, metal powders having powder
diameters of from 2 to 40 um are mixed with a flowable
binder, and this mixture, as usual in the processing of
plastics, 1s 1njected 1nto a mold by injection-molding
machines under pressures of up to 2000 bar. In the mold, the
composition usually solidifies since the mold has a lower
surface temperature than the mjected composition, and the
binder 1s cooled 1n the mold to a temperature below the glass
fransition temperature or melting point.

The mold 1s then opened, and the shaped part 1s removed.
The binder 1s then removed from the resultant molding,
during which the latter should not be deformed. The binder
removal (“debindering”) can be carried out in various ways.
The usually organic binder can be thermally decomposed,
and thus removed, by carefully increasing the temperature
over an extended period. The binder may also be constructed
in such a way that it 1s partially soluble 1n a solvent, and this
component can be extracted with the solvent. The remainder
of the binder 1s then decomposed thermally, which can be
carried out more quickly than in the first variant since an
open-pore body 1s already present after extraction of the
soluble binder component, and the thermal decomposition
therefore does not build up an mternal pressure which could
destroy the molding. The most elegant debindering method
uses a catalytic process, in which the binder used 1s, for
example, a polyacetal, which 1s depolymerized directly to
gaseous formaldehyde without the formation of a liquid
phase and below 1ts melting point in the presence of gaseous
acids. This process proceeds from the outside inward 1n the
molding walls, which means that the entire gas exchange can
again only take place in the already porous volume
components, and a disadvantageous internal pressure again
cannot be built up. This process has the further advantage
that the debindering process takes place at below the melting
poimnt of the binder, and the molding therefore does not
change 1ts dimensions 1n a disadvantageous manner. Very
dimensionally accurate moldings are thus obtained. The
deviation of the linear dimensions from the nominal size 1s
a maximum of £0.3%, often less. However, the roughness of
the moldings 1s determined essentially by the powder size
used, so that the roughness R _ cannot be less than 1 um. The
production of parts having lower roughness values would
require metal powders having a diameter smaller than 2 um.
However, the preparation of metal powders of this type is
extremely expensive, and handling of such fine metal pow-
ders causes considerable difficulties. With decreasing par-
ticle size, the ratio between surface area and volume
increases, and the chemical reactivity of the metal powders
thus continues to 1ncrease. Non-noble metals, such as iron,
cobalt, zinc and nickel, thus become pyrophoric and can no
longer be processed 1n air.

In addition, the particle sizes in the preparation of metal
powders by spraying metal melts are scarcely below 5 um.
Furthermore, it 1s frequently 1impossible to comminute the
metal powders further by grinding since they are excessively
ductile.

However, there 1s a demand for finer molding composi-
tions for the production of metal moldings since newer
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methods have allowed the production of ever-finer mold
inserts for injection molding. The LIGA process allows the
production of, for example, tool inserts by means of which
parts with dimensions 1n the micron region and roughness
values 1n the nanometer region can be produced by injection
molding.

In the LIGA process, a photosensitive polymer layer,
known as a photoresist, 1s applied to a base plate and
exposed through a mask containing a cross section of the
structures to be produced. The areas of the polymer layer
which are exposed through the mask become soluble and
can therefore be washed out. The resultant trenches are filled
clectro-chemically by a metal layer, after which the photo-
resist which remains 1s dissolved. The resultant metal struc-
ture can be used as a mold insert for an 1njection mold.

It 1s an object of the present invention to provide molding
compositions or injection-molding compositions for the
production of metal moldings which have a property profile
which allows them to be used 1n very fine mold 1nserts, for
example from the LIGA process. The resultant moldings
should correspond 1n fineness and surface quality to the
molds produced by the LIGA process.

We have found that this object 1s achieved by molding
compositions containing, in a flowable binder, from 20 to
50% by vol., based on the total volume of the molding
composition, of a powder comprising one or more metal
oxides and, if desired, metal carbides and/or metal nitrides
which cannot be reduced using hydrogen, where at least
65% by vol. of the powder has a maximum particle size of
0.5 um and the remainder of the powder has a maximum
particle size of 1 um, and at least 90% by vol. of the powder
comprises metal oxides which can be reduced using hydro-
gen.

It has been found, in accordance with the invention, that
metal powders with large particle sizes, which are difficult to
obtain and handle, can be replaced by metal-oxide powders
having particle sizes of below 1 um 1n the production of
molding compositions. The molding compositions or
injection-molding compositions are shaped to give a
molding, the binder 1s removed, and the molding 1s sintered
with reduction of the metal oxides 1 a hydrogen-containing,
reducing atmosphere.

A powder 1s used here of which at least 65% by vol. has
a maximum particle size of 0.5 um, and the remainder has
a maximum particle size of 1 um. It 1s particularly preferred
for at least 80% by vol. of the powder to have a maximum
particle size of 0.5 um. At least 90% by vol. of the powder
comprises metal oxides which can be reduced using
hydrogen, the remainder of the powder comprising metal
oxides, metal carbides and/or metal nitrides which cannot be
reduced using hydrogen.

Suitable metal oxides are those which can be reduced
using hydrogen and are sinterable, so that metal moldings
can be produced therefrom by heating under a hydrogen
atmosphere or 1n the presence of hydrogen. Examples of
metals whose oxides can be used are found 1n groups VIB,

VIII, IB, IIB and IVA of the Periodic Table. Examples of
suitable metal oxides are Fe,O;, FeO, Fe;0O,, N10O, CoO,
Cos0,, Cu0O, Cu,0, Ag,0, WO;, MoO,, SnO, SnO,, CdO,
PbO, Pb,0O,, PbO, and Cr,O;. The lower oxides are
preferred, such as Cu,O instead of CuO and PbO 1instead of
PbO,, since the higher oxides are oxidants which can react
under certain conditions with, for example, organic binders.
The oxides may be employed individually or as mixtures.
For example, pure-iron moldings or pure-copper moldings
can be obtained 1n this way. If mixtures of the oxides are
used, alloys and doped metals, for example, can be obtained.
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For example, 1iron oxide/nickel oxide/molybdenum oxide
mixtures allow the production of steel parts, and copper
oxide/tin oxide mixtures, which may also contain zinc oxide,
nickel oxide or lead oxide, allow the production of bronzes.
Particularly preferred metal oxides are iron oxide, nickel
oxide and/or molybdenum oxide.

The metal oxides having a maximum particle size of 1
um, preferably 0.5 um, that are used in accordance with the
invention can be prepared by various processes, preferably
by chemical reaction. For example, the hydroxides, oxide
hydrates, carbonates or oxalates can be precipitated from
solutions of metal salts, the particles being produced 1n very
finely divided form, if desired, 1in the presence of dispers-
ants. The precipitates are separated off and purified to the
orecatest extent possible by washing. The precipitated par-
tficles are dried by heating and converted into the metal
oxides at elevated temperature.

It 1s also possible to obtain very finely divided metal
oxides directly 1n a single step. For example, combustion of
iron pentacarbonyl i1n the presence of oxygen gives
extremely fine, spherical iron oxide particles having a spe-
cific surface area of up to 200 m~/g.

The metal oxides employed i1n accordance with the
invention, or at least 65% by vol. of the powder, preterably
have a BET surface area of at least 5 m~/g, preferably at least
7 m*/g.

Besides the metal oxides which can be reduced using
hydrogen, further metal compounds which cannot be
reduced during sintering, such as metal oxides, metal car-
bides or metal nitrides which cannot be reduced using
hydrogen, may also be present. Examples of oxides here are
7r0,, Al,O, and T10,. Examples of carbides are SiC, WC
and TiC. An example of a nitride 1s TiN.

The powder employed 1n accordance with the invention
in the molding compositions preferably comprises at least
90% by vol., particularly preferably at least 95% by vol.,
based on the powder, of metal oxides which can be reduced
using hydrogen. If metal oxides, metal carbides and/or metal
nitrides which cannot be reduced using hydrogen are used,
they are preferably present in an amount of from 1 to 10%
by vol., particularly preferably from 2 to 5% by vol., based
on the powder.

The powder employed 1 accordance with the mnvention
1s present 1n the molding compositions in an amount of from
20 to 50% by vol., preferably from 25 to 45% by vol,,
particularly preferably from 30 to 40% by vol., based on the
total volume of the molding composition.

The powder employed 1n accordance with the invention
in the molding compositions 1s distributed 1n a flowable
binder. A dispersant may additionally be employed. Accord-
ing to a preferred embodiment of the mvention, the molding
composition consists of the above-described powder, a flow-
able binder and, if desired, a dispersant.

According to a further embodiment of the invention, the
molding composition contains, besides these components,
further components as described below.

The total volume of all components of the molding
composition 1s 1n each case 100% by vol.

Flowable binders which can be employed are all binders
which are suitable for use 1n powder injection molding. They
are preferably flowable at the processing temperature, so that
they can be 1njection molded 1n molds. It 1s possible to use
here, for example, the binders as described above in the prior
art. Suitable binders are therefore those which are thermally
decomposed and thus removed, binder mixtures of which
one component 1s extracted with solvents and the remainder
can be thermally decomposed, or binders used, for example,

10

15

20

25

30

35

40

45

50

55

60

65

4

in the form of a polyacetal which can be depolymerized
directly to gaseous products without the formation of a
liquid phase and below its melting point 1n the presence of
gaseous acids. Suitable binders are known to the person
skilled 1n the art. The flowable binder preferably contains an
organic polymer. Preference 1s given to a polyoxymethylene
copolymer as described, for example, 1n EP-A-0 444 475,
EP-A-0 446 708 and EP-A-0 444 475. This 1s preferably a
polyoxymethylene copolymer containing from 0.5 to 10 mol
%, preferably from 1 to 5 mol %, of butanediol formal as
comonomer. Polybutanediol formal may be employed as
additional binder.

Particular preference 1s given to a mixture comprising
from 75 to 89% by weight of polyoxymethylene copolymer
containing 2 mol % of butanediol formal as comonomer and
having a melt flow index of about 45 ¢/10 min at 190° C. and
a weight of 2.16 kg, and from 11 to 25% by weight of
polybutanediol formal having a molecular weight M of
about 20,000.

Suitable dispersants are all those which are suitable for
dispersal of metal oxide particles having the stated particle
size 1n the binder. A suitable class of substances for the
dispersants comprises alkoxylated fatty alcohols or alkoxy-
lated fatty acid amides.

Other suitable components of the molding compositions
are the processing stabilizers used 1n the processing of
polyoxymethylene.

The novel molding compositions can be used as
injection-molding compositions for the production of metal
moldings. The molding compositions are prepared by mix-
ing the organic and mnorganic components 1n suitable mixing
cquipment. This 1s preferably carried out in a compounding
apparatus with melting of the flowable binder. After the
molding compositions have solidified, they are preferably
oranulated. They can be injection molded by known
processes, preferably at material temperatures of from 170 to
200° C. The mold used preferably has a temperature of from
120 to 140° C.

The binder 1s then removed from the resultant moldings.
This can be carried out, depending on the binder used, by
slow heating, treatment with a solvent followed by heating,
or treatment with an acid followed by heating. The debin-
dering 1s preferably carried out simultaneously with the
heating for reducing and sintering the molding. In this case,
the molding 1s heated to the material-specific sintering
temperature at a rate of from 1 to 20° C./min, preferably
from 2 to 10° C./min, in the presence of hydrogen, prefer-
ably under a hydrogen atmosphere, kept at the sintering
temperature for from 1 to 20 hours, preferably for from 2 to
10 hours, and then cooled. The binder 1s removed during the
slow heating phase. The hydrogen employed for reduction
preferably has a maximum dew point of -10° C., particu-
larly preferably below —40° C. The dew point is selected so
that reduction under the reaction conditions 1s possible for
the metal oxide employed.

The reduction of Cr,O, requires, for example, an
extremely dry hydrogen having a dew point below -40° C.,
The reduction is carried out at above 1500° C., particularly
preferably at above 1600° C. During sintering of chromium-
containing alloys, the alloy constituents frequently sinter at
from 1200 to 1300° C., while any Cr,O, used can remain in
the molding 1in unreduced form. In the production of, for
example, stainless steels having a chromium content of from
about 13 to 20% by weight, the chromium content 1s
therefore preferably employed 1n the form of ferrochrome
having a maximum particle size of 1 um. The proportion of
ferrochrome 1s preferably less than 35% by vol. It 1s thus
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possible to produce stainless steels alloyed with chromium
and, 1f desired, nickel and molybdenum without risking
unreduced Cr,0O; remaining in the otherwise nicely sintered
molding.

The invention thus also relates to a process for the

6

pounder. The resultant injection-molding compositions were

injected, at a material temperature of 180° C., mnto a mold
held at 130° C. for a flexible rod measuring 1.5x6x50 mm.
The tlexible rods produced 1n this way were heated to the

5 . . . . O
production of metal moldings by injection molding a mold- statec} @aterlal-sp601ﬁc sintering temperature at a rate of 2
ing composition as described above 1n a mold, removing the C./min in a tubular furnace under a hydrogen atmosphere
binder from the resultant molding, and reducing and sinter- (hydrogen having a dew point of about —10° C.), and kept at
ing the debindered molding in the presence of hydrogen to the sintering temperature for 2 hours. The furnace was then
oIve a mf—::tal molding. The‘remqval of the binder 1s prefer- .o cooled. During the slow heating phase, the polyoxymethyl-
?Eéﬁ;?éﬁeinodmStil:ﬁg;ilzﬂyt:n ah?;%e SEE ti%;fgf; Wi;h IEZ ene and polybutanediol formal depolymerized at from 220 to
sintering temperature ing thgpresenc% of hydrogeng 300° C. without formation of cracks in the thin-walled
During reductive sintering, the moldings shrink by up to ﬂe:f(ible rod. The ﬂexib}e rods were plz}ced on an aluminm:n
5-fold, based on the volume, or by up to half, based on the oxide powder bed having a particle size of about 5 um 1in
lincar dimensions. This high shrinkage rate is particularly 1> order to simplify shrinkage.
advantageous for the production of very small structures, All the molding compositions listed in the examples gave
since the 1nj ectmn-mo}dmg ttijol can be designed to be larger flaw- and crack-free moldings, although the volume shrink-
by a factor of about 2 1n all dimensions, and very fine details aoe Was U0 1o 80% in Some cases
can thus be formed. The maximum dimensional tolerances 5 p ’ o , ,
of the sintered moldings, 1n spite of the absolute shrinkage, 20 Th.e surfacei roughness V&'IUGS obtained using a polished
are preferably +0.3%, particularly preferably +0.15%. injection-molding tool were 1n each case less than 1 um for
The surface roughness R _ 1s preferably less than 1 um, R, and less than 0.2 um for R,,.
and R  1s preferably less than 0.2 um, measured 1n accor-
dance with DIN 4768 and DIN 4768/1 respectively.
TABLE 1
(Composition in_grams)
ard - quer
FExample No.
1 2 3 4 5 0 7 3 9 10
Oxides employed
Fe,O; 9 m?/g 2257
Fe,O; 20 m%/g 1890 2000 197
Fe,0., 40 m%/g 1050
NiO 7 m*/g 155 2264 679
Cu,O 9 m?/g 2700 2112 1974
MoQO; 11 m?/g 1890
WO, 10 m*/g 2721
SnO, 13 m*/g 423 968
Organic components
Polyoxymethylene 653 681 348 567 625 584 560 592 507 684
Polybutanediol formal 53 85 106 106 53 85 101 85 106 90
Solsperse 17000 51 71 92 92 51 82 87 82 92 77
Sintering temp. in ° C., 700 700 600 850 980 1450 1450 320 1090 1170
Linear shrinkage in % 41.3 44.3 54.2 42.3 42.5 49.8 49.3 42.2 32.9 41.4
The 1nvention 1s described 1n greater detail below with 50 We claim:
reference to examples. 1. Amolding composition containing, in a flowable binder
The injection-molding compositions listed in the  1n the form of a polyacetal, from 20 to 50% by vol., based
examples below were prepared by a standard procedure, on the .tqtal volume of the moldmg. composition, O_f a powder
thermally debindered, and subjected to reductive sintering COMPIISINg One Or Mmore meﬁtal 0X1df';5 and, 1t desired, metal
under hydrogen at temperatures appropriate to the material. . carbides and/or metal nitrides which cannot be reduced
The flowable binder used was a thermoplastic polyoxym- . using hydrogen, where at least 65% by vol. of the powder
cthylene copolymer containing 2 mol % of butanediol has a maximum particle size of 0.5 um and the remainder ot
formal as comonomer and having a melt flow index of about the powder has a maximum particle size ot 1 4m, and at least
45 g/10 min at 190° C. and a weight of 2.16 kg. As additional QO%bby ‘;101‘ Céf the pol;mr Eiler comprises metal oxides which
: . : . can be reduced using hydrogen.
2?2}%&012}}(? ggl;egf’sl E’:ﬂmfg iadwnTghi Hé?slezlrl;g;?i;gegt 1}?; 0 2. A molding composition as claimed 1n claim 1, wherein
, b NpLOYee. P at least 65% by vol. of the powder has a BET surface area
dispersal of the inorganic powder was Solsperse® 17000 of at least 5 m=/g.
from ICI. The;. amounts are ghown in the table below. _ 3. A molding composition as claimed in claim 1, wherein
The organic and 1norganic Eomponents of the molding the flowable binder contains a polyoxymethylene copolymer
composition were melted at 190 C. 1n a paddle compounder containing from 1 to 5 mol % of butanediol formal as
with a useful capacity of 11 and compounded for 90 minutes. 65 comonomer.

The paddle compounder was then cooled, and the compo-
sition was solidified and granulated in the rotating com-

4. A molding composition as claimed in claim 1, which
contains a dispersant for the powder.
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5. A molding composition as claimed 1n claim 1, wherein
the metal oxides which can be reduced using hydrogen are
Fe,O,, FeO, Fe,0O,, N10O, Co0O, Co,0,, CuO, Cu,0O, Ag,0O,
B1,0;, WO,, MoO;, SnO, Sn0O.,,, CdO, PbO, Pb,0,, PbO, or
Cr,O;, or mixtures thereof.

6. A molding composition as claimed in claim 1, wherein
the powder contains from 1 to 10% by vol. of metal oxides,
metal carbides or metal nitrides which cannot be reduced
using hydrogen, or mixtures thereof, having a maximum
particle size of 0.5 um.

7. A molding produced from a composition as claimed in
claim 1.

10

3

8. A process for the production of metal moldings by
injection molding a molding composition as claimed in
claim 1 1n a mold, removing the binder from the resultant
molding, and reducing and sintering the debindered molding
in the presence of hydrogen to give a metal molding.

9. A process as claimed in claim 8, wherein the removal
of the binder 1s carried out thermally 1n a single step together

with the reduction and sintering by heating the molding to
the sintering temperature in the presence of hydrogen.
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